Abstract. Gastric cancer is one of the most common malignant tumors and the second leading cause of cancer-related mortality. Elucidating the molecular mechanism underlying the development of gastric cancer is crucial in identifying gastric cancer-susceptible populations, screening for tumor markers and in the application of gene therapy. This study was conducted to investigate girdin expression in gastric cancer and para-cancer tissues and to elucidate the role of girdin in the development of gastric cancer. Tissue microarray and streptavidin-peroxidase immunohistochemical staining were used to detect girdin expression in 105 gastric cancer and 72 para-cancer tissue samples. Analyses of the patients' clinical and pathological data were also performed. The expression ratio of girdin was 40.0% in gastric cancer and 11.1% in the para-cancer tissues and the difference was statistically significant (P<0.05). Girdin expression was found to be positively correlated (P<0.05) with tumor invasion depth and lymph node metastasis, while no significant associations were found between girdin expression and gender, age, tumor size, pathological grade and clinical stage (P>0.05). In conclusion, the upregulation of girdin expression in gastric cancer may contribute to tumor metastasis and cancer development, suggesting that girdin may be a novel indicator for evaluating lymph node metastasis and gastric cancer outcome.
Introduction
Gastric cancer is one of the most common malignant tumors and the second leading cause of cancer-related mortality (1) .
Elucidating the molecular mechanism underlying the development of gastric cancer is crucial in identifying gastric cancer-susceptible populations, screening for tumor markers and in the application of gene therapy. Girdin is an actin-binding protein that contains an actin-binding domain, a membrane-binding domain and an Akt phosphorylation site, first identified by a group of Japanese scholars in 2005 (2-4). Girdin plays an essential role in promoting cell proliferation, which is a critical factor in various physiological processes, including embryonic development, inflammation, angiogenesis and tumor development (5, 6) . The role of girdin in the development of breast and colorectal cancer was recently confirmed (7) (8) (9) ; however, the association between girdin and gastric cancer is yet to be fully elucidated. This study aimed to determine girdin expression in gastric cancer and para-cancer tissues using immunohistochemical detection and to investigate the association between girdin expression and the clinicopathological characteristics of gastric cancer, as well as the function of girdin in gastric cancer development and progression.
Materials and methods
Clinical data collection. In this study, we used 10x16 gastric cancer tissue microarrays (FM-S4006-1; Outdo Biotechnology, Shanghai, China) with a diameter of 1.5 mm and a thickness of 4 µm that were prepared according to a standard method. The integrity of each chip was >95%. A total of 105 gastric cancer patients (67 men and 38 women) with a median age of 60 years (range, 30-84 years) were included in this study. According to the tumor differentiation grading system recommended by the World Health Organization in 2000, 99 cases were determined as poorly-differentiated adenocarcinomas and 6 cases were determined as well-differentiated adenocarcinomas. According to the tumor-node-metastasis cancer staging system recommended by the International Union Against Cancer in 2002, 13, 17, 79 and 7 cases were determined as stage I, II, III and IV cancer, respectively. Experimental methods. S-P immunohistochemical staining was used to detect the expression level of girdin. Known positive tissue sections and phosphate-buffered saline (instead of primary antibody) were used as positive and negative controls, respectively. The staining was performed according to the instructions provided by the manufacturer. The staining intensity of the cells was graded as follows: 0, negative; 1, light yellow granules; 2, deep yellow granules; and 3, brown granules points. Grading was performed as follows: 0, positive cell ratio ≤5%; 1, 5% < positive cell ratio ≤ 25%; 2, 25% < positive cell ratio ≤ 50%; 3, 50% < positive cell ratio ≤ 75%; and 4, 75% < positive cell ratio ≤ 100% points. The final point score for girdin expression was determined through the multiplication of the points for staining intensity by the points for positive cell ratio. The girdin expression levels were graded as follows: -, points ≤ 4; +, 4 < points ≤ 8; ++, 8 < points ≤ 12; and +++, points > 12. Grade -was determined as girdin-negative, whereas +, ++ and +++ were determined as girdin-positive.
Statistical analyses. Data analyses were performed using SPSS software, version 13.0 (SPSS Inc., Chicago, IL, USA). The χ 2 test was used to evaluate the girdin expression differences between gastric cancer and para-cancer tissues and the association between girdin expression and other clinicopathological parameters, including gender, age, clinical stage, histological grade, lymph node metastasis, tumor size and depth of invasion.
Results

Quality control of tissue microarray.
Following immunohistochemical staining, tissue samples with defects or poor staining were excluded, leaving a total of 177 samples, including 105 gastric cancer and 72 gastric para-cancer tissue samples.
Assessment of girdin expression. Of the 105 gastric cancer cases, 42 (44.4%) exhibited positive girdin expression (mainly in the cytoplasm) and 72 (55.6%) exhibited negative girdin expression. Of the 72 para-cancer tissue samples, only 8 (11.1%) exhibited positive girdin expression. The difference in girdin expression between gastric cancer and para-cancer tissues was found to be statistically significant (P<0.05). The results are shown in Fig. 1 and Table I .
Association between girdin expression and other clinicopathological parameters. There was no significant association between girdin-positive expression and gender, age, tumor size, tumor location, clinical stage and histological grade (P>0.05). However, girdin expression exhibited a significant positive correlation with tumor invasion depth and lymph node metastasis (P<0.05). The results are presented in Table II .
Discussion
Gastric cancer is one of the most pathogenic and lethal malignancies in China. Epidemiological studies indicated Table I . Girdin expression in gastric cancer and para-cancer tissues. that the development of gastric cancer may be associated with various factors, such as genetic, environmental and Helicobacter pylori infection (10); however, the molecular mechanism underlying gastric cancer progression has not been fully elucidated. It was previously suggested that the development and progression of gastric cancer is a complicated process involving multiple genes, factors and stages and that different tumor-associated genes or pathways participate in the regulation of gastric cancer development (11) . Girdin is an actin-binding protein located at chromosome 2p16.1 and was first identified by a group of Japanese scholars in 2005. This macromolecular protein contains 1,870 amino acid residues, has an approximate molecular mass of 220-250 kDa and interacts with Akt, Gαi/s, dynamin and guanosine triphosphate hydrolase enzyme (GTPase) (2, 3) . It was recently demonstrated that girdin is expressed by various tumor cell lines and tissues and it may promote the formation of malignant tumors (12) . In a study of 180 malignant tumor tissues, Jiang et al (13) detected high expression of girdin in breast, colorectal, lung, cervical and thyroid cancer tissues. The expression ratio of girdin varied between 10 and 50% among different types of cancer, reaching 10-35% in invasive ductal breast carcinoma tissues. Ghosh et al (14) demonstrated that girdin could only be detected in colorectal cancer cells with high metastatic ability, such as HCTll6 and DLDl cells and not in cells with low metastatic ability (HT29p and Lsl74T).
Girdin expression ------------------------------------------------------------------------------------------------------------------------------------
Kitamura et al (5) suggested that endothelial cell-derived tumors, such as hemangioma and angiosarcoma, exhibited elevated girdin expression. Zhang et al (15) also found high levels of Akt-mediated girdin phosphorylation in human malignant glioma tissues. Although several studies have been performed on girdin expression in a variety of cancers, the number of studies on girdin expression in gastric cancer tissues is currently limited. Our study used S-P immunohistochemical staining to assess girdin expression in gastric cancer and para-cancer tissues. The results indicated that gastric cancer tissues expressed significantly higher (P<0.05) levels of girdin compared to para-cancer tissues and girdin expression was found to be positively correlated (P<0.05) with the depth of tumor invasion and lymph node metastasis, which are two significant prognostic indicators for gastric cancer. We also demonstrated that girdin expression levels in gastric cancer samples with different invasion depth were statistically significantly different. The expression ratio of girdin was 22.2% in gastric cancers with an invasion depth of T1 and T2 and it was significantly increased to 47.6% in cancers with an invasion depth of T3 and T4. The expression ratio of girdin was 19.0% in gastric cancers without lymph node metastasis and was significantly elevated to 44.0% in cancers with lymph node metastasis. Thus, we hypothesized that increased girdin expression may be an important event during gastric cancer progression. Table II . Association between girdin expression and other clinicopathological characteristics of gastric cancer.
Girdin expression In conclusion, girdin expression was found to be positively associated with the depth of invasion and lymph node metastasis. Therefore, girdin may be considered to be a novel indicator in evaluating gastric cancer metastasis and prognosis, as well as a candidate target in gastric cancer therapy. However, elucidating the molecular mechanism underlying gastric cancer induction by girdin requires further investigation.
